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Abstract

Objectives: To describe the etiology of community‐acquired pneumonia (CAP) in

hospitalized children in Spain and analyze the predictors of the etiology.

Hypothesis: The different etiological groups of pediatric CAP are associated with

different clinical, radiographic, and analytical data.

Design: Observational, multicenter, and prospective study.

Patient selection: This study included children aged 1 month to 17 years with CAP,

who were hospitalized between April 2012 and May 2019.

Methods: An extensive microbiological workup was performed. The clinical, radio-

graphic, and analytical parameters were analyzed for three etiological groups.

Results: Among the 495 children included, at least one causative pathogen was

identified in 262 (52.9%): pathogenic viruses in 155/262 (59.2%); atypical bacteria

(AB), mainly Mycoplasma pneumonia, in 84/262 (32.1%); and typical bacteria (TyB) in

40/262 (15.3%). Consolidation was observed in 89/138 (64.5%) patients with viral

CAP, 74/84 (88.1%) with CAP caused by AB, and 40/40 (100%) with CAP caused by

TyB. Para‐pneumonic pleural effusion (PPE) was observed in 112/495 (22.6%) pa-

tients, of which 61/112 (54.5%) presented a likely causative pathogen: viruses in

12/61 (19.7%); AB in 23/61 (37.7%); and TyB in 26/61 (42.6%). Viral etiology was

significantly frequent in young patients and in those with low oxygen saturation,

wheezing, no consolidation, and high lymphocyte counts. CAP patients with AB as

the etiological agent had a significantly longer and less serious course as compared

to those with other causative pathogens.

Conclusions: Viruses and M. pneumoniae are the main causes of pediatric CAP in

Spain. Wheezing, young age, and no consolidation on radiographs are indicative of

viral etiology. Viruses and AB can also cause PPE. Since only a few cases can be

directly attributed to TyB, the indications for antibiotics must be carefully con-

sidered in each patient.
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1 | INTRODUCTION

Community‐acquired pneumonia (CAP) is a major cause of hospita-

lization and morbidity in children.1 Annually, approximately 20 million

children with CAP need hospitalization worldwide.2

Important studies have been performed in recent years on the

etiology of CAP, and the knowledge of relevant etiological data is

critical for adequate policies and improved management of CAP.

Conventional microbiological studies can identify the etiology in

only a limited number of patients. Sampling the lower respiratory

tract in children is challenging, and contamination with colonizing

organisms is frequent in samples obtained from the upper re-

spiratory tract.3 Direct sampling from the lung is impractical and

rarely accepted, and bronchoalveolar lavage samples only yield

positive results in 29% of cases.4 Direct sampling is considered a

standard of care only in children with large para‐pneumonic effu-

sion (PPE), which is the most common complication of CAP in this

population group. Several institutions, including the World Health

Organization (WHO), are encouraging improvements in the diag-

nostic tests for CAP.5

Recently, with the arrival of new microbiology techniques

based on molecular biology, viruses have emerged as the most

common etiological agents of CAP. Unfortunately, these techni-

ques are not available at all centers for all patients, and most pe-

diatric patients with CAP are administered antibiotics, regardless

of hospital admission. In Spain, the data regarding the etiology of

pediatric CAP are limited.6–8 Better knowledge of this condition is

essential to educate clinicians, avoid the unnecessary use of anti-

biotics, contain the emergence of microbial resistance, and limit

the impact of the disease on the child, family, and healthcare

systems.9

This study aimed to describe the etiology of a cohort of hospi-

talized children and adolescents with CAP in Spain, including those

with associated PPE. Additionally, we aimed to determine the clinical,

analytical, and radiographic predictors of the etiology.

2 | METHODS

2.1 | Study design

This observational, multicenter, prospective cohort study was

conducted in two phases. The first pilot phase was performed at

two centers in Madrid, Spain from April 2012 to March 2015.

Enrolment was expanded in the second phase to 15 centers in

three regions of Spain (Madrid, Basque Country, and Andalusia)

from December 2017 to May 2019. Both phases were approved by

the Ethics Boards of the participating hospitals. The necessary

information regarding the study was explained to the guardians

and written consent was obtained. Similarly, information was

provided to patients aged 12–17 years comprehensively, and their

assent was obtained.

2.2 | Collection of data

Relevant information for this study was encoded and entered into an

electronic database. Confidentiality was maintained through the co-

dification of patients. The basal features including clinical data,

findings of imaging studies, biomarker test results, and micro-

biological findings were recorded. Two principal researchers, data

managers, and biostatisticians exclusively handled the database.

2.3 | Participants

The participants eligible for this study were hospitalized children and

adolescents, aged 1 month to 17 years, with clinically suspected

pneumonia as determined by the attending physician and pathologic

findings on chest radiographs (CXR). Exclusion criteria were im-

munosuppressive conditions, chronic cardiac or pulmonary disease

(except asthma), admission to a hospital in the last 30 days, and

suspicion of lung aspiration or foreign body in the airway. The criteria

for hospital admission included infants aged <6 months, poor feeding,

dehydration, electrolyte disturbance, respiratory or hemodynamic

instability, transcutaneous oxygen saturation (tcSatO2) ≤92% with

fraction of inspired oxygen of 0.21, lethargy, apnea, pulmonary

complication (PPE, necrosis, or abscess), multifocal involvement on

CXR, failure to respond to oral antimicrobials after 48 h, and poor

treatment compliance.

2.4 | Procedures

On admission, a blood sample was collected for full blood cell count,

standard biochemistry, and determination of inflammatory markers.

Extensive microbiological workup was performed. Blood samples

were obtained for cultures before starting antibiotics using the BacT/

ALERT™ 3D blood culture system (Biomérieux) or BacTec™ 9240

blood culture system (Becton, Dickinson and Company). Culture with

Streptococcus pneumoniae antigen in pleural fluid (PF; Alere Bi-

naxNow™, S. pneumoniae antigen) was additionally performed in case

of thoracentesis. Polymerase chain reaction (PCR) test was used to

detect infectious agents in blood and nasopharyngeal aspirate (NPA)

samples. The genetic material (DNA and RNA) was extracted for this

procedure using an automated system (Nuclisens EasyMag bioMér-

ieux), and the elutes were stored at −80°C until processing. The

presence of S. pneumoniae in the blood samples was determined

based on the detection of lytA genes, according to a previous re-

port.10 In the NPA samples, the strategy of multiplex PCR for de-

tecting up to 16 viruses, as well as Mycoplasma pneumoniae and

Chlamydophila pneumoniae, was considered the best option. The re-

spiratory viruses included respiratory syncytial virus (RSV) A and

RSV‐B; human metapneumovirus (hMPV); parainfluenza virus (PIV) 1,

2, 3, and 4; influenza virus (IV) A and B; human bocavirus (hBoV);

adenovirus (ADV); enterovirus (EV); human rhinovirus (hRV); and
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human coronavirus (hCoV) 229E, OC43, NL63, and HKU12. Two

paired samples for serology (at admission and after 2–4 weeks) of M.

pneumoniae and C. pneumoniae were analyzed using a chemilumi-

nescence assay (Virclia Monotest, Vircell). Only specimens obtained

within 72 h after admission were included, except for PF samples,

which were included if collected within 7 days after admission, and

the second sample for serology.

The different types of CAP were defined as follows:

a) Likely typical bacterial (TyB) infection: A bacterial pathogen (S.

pneumoniae, Staphylococcus aureus, Streptococcus pyogenes, Hae-

mophilus influenzae, etc.) detected in the blood through culture or

PCR or in the PF through culture test or S. pneumoniae antigen

detection; Staphylococcus epidermidis and other pathogens, typi-

cally considered contaminants in healthy children, were excluded.

b) Likely atypical bacterial (AB) infection: M. pneumoniae or C.

pneumoniae detected by PCR in NPA or seroconversion or a sig-

nificant increase in immunoglobulin G titers in the second sample,

according to the manufacturer's recommendations.

c) Likely viral infection: At least one putative pathogen respiratory

virus (RSV, PIV, hMPV, and IV) detected in NPA by PCR; other

respiratory viruses (hRV, ADV, EV, hCoV, and hBoV) were not

included as likely viral infections because of the poor likelihood

that their detection in the upper respiratory tract indicates a pa-

thogenetic role in lung infection.4,11–14

The CXRs were interpreted according to the standards of the

“WHO Vaccine Trial Investigators Radiology Working Group.”15

These standards establish two possible interpretations: primary end‐

point pneumonia (presence of consolidation, infiltrate, or pleural ef-

fusion), henceforth referred to as “consolidation,” and “other in-

filtrates.” PPE was diagnosed using CXR and confirmed by

ultrasonography. This study applied the definitions by Hamm and

Light regarding the types of PPE, that is, uncomplicated para‐

pneumonic effusions (ucPPE) and complicated para‐pneumonic ef-

fusions (cPPE)/empyema.16

2.5 | Statistical analysis

Baseline data regarding the sociodemographic, clinical, CXR, and

analytical variables were described. Continuous variables are pre-

sented as medians and interquartile ranges (IQR) for nonparametric

variables and means with standard deviations for normally distributed

variables, previously tested with the Shapiro–Wilk and

Kolmogorov–Smirnov tests. Categorical variables are presented as

counts and percentages. The chi‐squared or Fisher tests were applied

for comparing the categorical variables and the Kruskal–Wallis or

t‐tests for comparing continuous variables. To determine the factors

associated with different CAP etiologies, we performed a univariable

multinomial regression. All hypothesis testing was performed at a 5%

significance level. Plots and analyses were performed using the R

software (R Foundation for Statistical Computing, Vienna).17

3 | RESULTS

In total, 495 children were enrolled: 151 in phase 1 and 344 in phase

2. The demographic, clinical, analytical, and CXR characteristics are

shown in Table 1. The number and proportions of the different mi-

crobiological tests performed are described in Table 2.

At least one likely causative pathogen was identified in 262 pa-

tients (52.9%; Table 3A). Total viral detections in the NPA of 495

patients, including the likely and non‐likely causative agents, are

shown in Table S1. Considering only the likely causative pathogens,

the most frequent etiological group was the viruses, which were

detected in 155/262 (59.2%) children with CAP. Moreover, it was the

single causative group of pathogens in 138/262 (52.7%) patients.

RSV was the main viral agent and was detected in 60/262 (22.9%)

patients.M. pneumoniae was the most frequent single causative agent

that was detected in 78/262 (29.8%) patients. Of these 78 patients,

M. pneumoniae was considered the main causative agent in only 76

(97.4%) patients, because it was present as a coinfection along with S.

pneumoniae in the other two patients. Other AB, such as C. pneu-

moniae, were found in six additional patients (Table 3A). TyB was

detected in 40/262 (15.3%) cases, with S. pneumoniae forming the

majority (32/262, 12.2%). Coinfection with at least two different

pathogens was observed in 22/262 (8.6%) patients having at least

one identified pathogen. Most of the mixed infections included

bacteria (17/22, 77%), mainly present along with viruses (14/22,

64%), and S. pneumoniae‐M. pneumoniae coinfection (3/22, 13.7%).

Only 5/22 (22.7%) of the cases showed virus‐virus coinfection

(Table 3B).

In the CXR examinations, 391/495 (79%) patients showed con-

solidation and 104/495 (21%) had other infiltrates. In the group of

patients with likely viral etiology, 89/138 (64.5%) had consolidation

and 49/138 (35.5%) had other infiltrates. In the group with likely AB

etiology, 72/82 (87.8%) had consolidation and 10/82 (12.1%) had

other infiltrates, and 40/40 (100%) patients with likely TyB etiology

had consolidation.

PPE was observed in 112/495 patients (22.6%), of which 29

(25.8%) had cPPE. Thoracentesis was performed in 39/112 (34.8%)

patients. In patients with PPE, likely causative pathogens were de-

tected in 61/112 (54.5%) patients: viruses in 12/61 (19.7%), AB in

23/61 (37.7%), and TyB in 26/61 (42.6%). Viruses and AB were

mainly associated with ucPPE, and most cPPE (16/20, 80%) were

caused by TyB (Figure S1). In total, 13/138 (16.6%) patients with viral

etiology, 23/84 (27.3%) with AB etiology, and 25/40 (62.5%) with

TyB etiology had PPE. The most common single microorganisms as-

sociated with PPE were S. pneumoniae (22/61, 36.1%; cPPE: 16/22,

72.7%) and M. pneumoniae (21/61, 34.4%; ucPPE: 20/21, 95.2%). All

etiological agents associated with PPE are shown in Figure 1.

In total, 480/495 (97%) patients received antibiotics, mainly

beta‐lactams (440/495, 88.9%) and/or macrolides (113/495, 22.8%).

Among the 495 patients, 269 (54.3%) required oxygen supple-

mentation, 6 (1.2%) required mechanical ventilation, and 53 (10.7%)

were admitted to the pediatric intensive care unit (PICU). There were

no deaths reported. The median (IQR) days of admission were 5 (4–6)
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in children with viral etiology, 5 (4–7) in those with AB etiology, and

11.5 (6–16) in patients with TyB etiology.

Viral etiology was significantly more frequent in young patients

(p < 0.001) and in those with low basal tcSatO2 (p = 0.001), high

lymphocyte counts (p < 0.001), wheezing (p < 0.001), and other in-

filtrates on CXR examination (p < 0.001; Table 4 and Figure S2).

Multinomial univariable logistic regression revealed that patients

with CAP caused by AB were more likely to have more days of fever

before admission (odds ratio [OR]: 1.22 [1.09–1.36], p = 0.0004) and

a lower maximum temperature (OR: 0.74 [0.57–0.96], p = 0.026) than

those with CAP caused by viruses. As compared to patients with viral

CAP, those with AB CAP had an almost three‐time higher risk of

presenting with chest pain (OR: 2.71 [1.06–6.92], p = 0.040), 85%

lesser risk of presenting dyspnea (OR: 0.15 [0.08–0.28],

p = 1.87 × 10−9), and were more likely to have received antibiotics

before admission (OR: 2.60 [1.40–5.01], p = 0.003). Patients with AB

CAP were more likely to have higher hemoglobin levels (OR: 1.61

[1.29–2.0], p = 2.4 × 10−5) than those with viral CAP (Figure 2).

As compared to the patients with viral CAP, those with AB or TyB

CAP were more likely to have higher basal tcSatO2 (ORatypical: 1.14

[1.05–1.23], p= .0.002; ORtypical: 1.17 [1.04–1.3], p=0.007), lesser risk

of presenting wheezing (ORatypical: 0.29 [0.16–0.52], p=4.34 ×10−5;

ORtypical: 0.12 [0.04–0.34], p=3.8 × 10−5), higher leukocyte count

(ORatypical: 1.00003 [1.00001–1.0001], p=1.7 × 10−13; ORtypical: 1.0001

[1.0001–1.0001], p=1.7 ×10−18), higher neutrophil count

(ORatypical: 1.0001 [1.0001–1.0001], p=1.2 × 10−7; ORtypical: 1.0001

[1.0001–1.0001], p=1.7 × 10−18), and lower lymphocyte count

(ORatypical: 0.99 [0.99–0.99], p=4.56× 10−6; ORtypical: 0.99 [0.99–0.99],

p=1.75× 10−4; Figure 2).

Similarly, as compared to patients with viral CAP, those with bacterial

CAP (AB or TyB) presented more frequent pulmonary complications

(ORatypical: 4.97 [2.35–10.5], p=2.7 ×10−5; ORtypical: 21.8 [8.97–52.99],

p=1.02× 10−11) and PPE (ORatypical: 3.96 [1.84–8.49), p=3.99 ×10−4;

ORtypical: 19.5 [8.09–46.97], p=3.52 ×10−11) and were more likely to be

admitted to the PICU (ORatypical: 2.66 (1.2–5.91], p=0.020; ORtypical: 6.3

[2.63–15.10], p=3.52 × 10−5; Figure 2).

4 | DISCUSSION

This study shows that viruses are the main microbiological agents

associated with CAP in hospitalized pediatric patients in Spain. RSV

was the most frequently detected microorganism, followed by AB,

and M. pneumoniae was the most frequent etiological agent detected

as a single causative agent.

The use of sensitive PCR assays for testing NPA specimens re-

vealed a high prevalence of CAP caused by respiratory viruses andM.

pneumoniae. Although the accuracy of upper respiratory tract sam-

ples to infer causality has been questioned, in the case of M.

TABLE 1 Epidemiologic, clinical, analytical, and
radiographic data

N = 495

Categorical variables N (%)

Male gender 271 (54.7)

Antecedent of asthma or airway reactive

disease

94 (19)

Antibiotic before admission 93 (18.8)

Wheezing 172 (34.7)

Chest X‐ray

“Consolidation” 391 (79)

“Other infiltrates” 104 (21)

Para‐pneumonic pleural effusion 112 (22.6)

Uncomplicated para‐pneumonic pleural
effusion

83 (16.8)

Complicated para‐pneumonic pleural
effusion

29 (5.8)

Antibiotics during admission 480 (97)

Admitted in PICU 47 (9.5)

Continuous variables Median (IQR)

Age (months) 37 (18–66.3)

Days of axillar temperature ≥38°C at

admission

3 (2–5)

Transcutaneous oxygen saturation %
(FiO2 0.21)

94 (91–97)

Leucocytes/µl 13,910 (9860–19,400)

Neutrophils/µl 9260 (5800–14,200)

Lymphocytes/µl 2450 (1500–4050)

Sodium (mmol/L) 136 (135–138)

Albumin (g/dl) 3.7 (3.3–4.1)

C reactive protein (mg/L) 65 (26.9–155)

Procalcitonin (ng/ml) 0.34 (0.09–1.8)

TABLE 2 Microbiological tests (n = 495)

Test N/global (%)

Blood culture 489/495 (98.8)

PCR in blood for Streptococcus pneumoniae 393/495 (79.4)

PCR in blood for other typical bacteria 286/495 (57.8)

Serology for atypical bacteria at admission 461/495 (93.1)

Serology for atypical bacteria in convalescence 337/495 (68.1)

PCR for 16 viruses in nasopharyngeal aspirate 459/495 (92.7)

PCR for atypical bacteria in nasopharyngeal
aspirate

441/495 (89.1)

Pleural fluid culture 39/39 (100)

S. pneumoniae antigen in pleural fluid 38/39 (97.4)
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pneumoniae, several reports show a high correlation between de-

tection by means of PCR and serology.4,9,18–20 For viruses, there are

no reports showing such a correlation, and other ways to infer

causality are currently unavailable for most clinical practitioners.

Viruses are considered the main causative agents of pediatric

CAP worldwide. The reported rate of viral etiology is 34%–82%, and

the results of our cohort were within this range, even though we used

a very restricted definition of viral CAP.4,8,11,18,21–25 Only the fol-

lowing viruses mostly recognized as etiological agents of CAP were

considered as the likely causative pathogens: RSV, hMPV, IV, and

PIV. RSV is the most commonly detected viral agent in etiological

studies of pediatric CAP, as also observed in our study.4,8,11,18,22–24

PIV, hMPV, and IV are also causative agents of CAP, but to a lesser

extent.8,13

The decision to exclude other viruses, such as hRV, ADV, EV,

hCoV, and hBoV, from the viral CAP definition is controversial. At the

time of the design, there were significant number of studies sug-

gesting that controls have the same proportion of hRV, ADV, EV,

hCoV, and hBoV as that of children with pneumonia.11,12,14 We at-

tempted to differentiate between colonization and infection using

quantitative molecular techniques and to establish cutoff points.

However, this aim was beyond the scope of this study and could not

be performed. Since it is impossible to distinguish whether the pa-

tients with the aforementioned viruses were carriers alone or if the

pneumonia was actually caused by these viruses, we decided to ex-

clude them.

The detection rate of all the viruses detected in the NPA samples

was similar to that described previously.4,11,18,21,26 The causal role of

hRV is controversial. Although the authors of the PERCH study

suggested a probable causality, they recognized the limitations of the

studies conducted to date to confirm this causal role.4 In our study,

hRV was present in 25% of patients with CAP; therefore, if the

causality were attributed to hRV, this agent would be considered the

most common.

Our results revealed a rate of 8.6% of mixed infections, which is

lower than that reported in recent years. Our low coinfection rate can

TABLE 3 Likely causative pathogens detected (n = 262)

A. Individual causative pathogens
Pathogens N (%)

Typical bacteria 40 (15.3)

• S. pneumoniae 32 (12.2)

• S. aureus 3 (1.1)

• S. pyogenes 3 (1.1)

• H. influenzae, non typeable 2 (0.8)

Atypical bacteria 84 (32.1)

• M. pneumoniae 78 (29.8)

• C. pneumoniae 5 (1.9)

• L. pneumophila 1 (0.4)

Virus 155 (59.2)

• RSV 60 (22.9)

• MPV 37 (14.1)

• Influenza 42 (16%)

• PIV 1‐4 16 (6.1)

B. Pathogens in co‐infection
Pathogens in co‐infection N (%)

Overall 22 (8.6)

Typical bacteria‐virus 6 (2.4)

• S. pneumoniae‐RSV 2 (0.8)

• S. pneumoniae‐PIV 1 (0.4)

• S. pneumoniae‐hMPV 1 (0.4)

• H. influenzae, non typeable‐RSV 1 (0.4)

• S. pyogenes‐hMPV 1 (0.4)

M. pneumoniae‐virus 8 (3.1)

• M. pneumoniae‐hMPV 4 (1.5)

• M. pneumoniae‐PIV 2 (0.8)

• M. pneumoniae‐RSV 1 (0.4)

• M. pneumoniae‐influenza 1 (0.4)

S. pneumoniae‐M. pneumoniae 3 (1.1)

Virus‐virus 5 (2.0)

PIV‐HMPV 2 (0.8)

PIV‐RSV 2 (0.8)

PIV‐influenza 1 (0.4)

Note: The individual pathogens amount to more than 100% because
coinfections were found.

Abbreviations: hMPV, human metapneumovirus; PIV, parainfluenza virus;
RSV, respiratory syncytial virus.

F IGURE 1 Etiological agents in patients with documented
para‐pneumonic pleural effusion (n = 61). uPPE: uncomplicated
para‐pneumonic pleural effusion (n = 41); cPPE: complicated
para‐pneumonic pleural effusion (n = 20); RSV: respiratory syncytial
virus [Color figure can be viewed at wileyonlinelibrary.com]
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be attributed to the low proportion of virus‐virus coinfections (2%) as

compared to that of mixed viral infections previously reported

(20%–35%).8,11,21,26,27 This can be explained by the restrictive se-

lection of pathogenic agents in our study. Most of the mixed infec-

tions in our study included bacteria‐virus infections and dual bacterial

infections (S. pneumoniae with M. pneumoniae). In the PERCH study,

when only etiological agents of PF or lung aspirate were reported,

there were only few mixed infection cases, mainly with bacteria‐

bacteria complexes and limited involvement of viruses.4 We believe

that these data may question the very high rate of mixed infections

commonly noted in pediatric CAP cases.

In our cohort,M. pneumoniae was the most frequent causal agent

of pediatric CAP, accounting for nearly 30% of the cases. In another

series, the prevalence of M. pneumoniae ranged from 1% to

38%.4,7,22,26,28–30 The differences in some large series may depend

on the geographic variations.4–26 M. pneumoniae was associated with

more days of fever and prescription of ambulatory beta‐lactams.

Therefore, pediatricians should consider M. pneumoniae as a likely

etiological agent in children with CAP not responsive to beta‐lactams,

rather than considering it a failure of oral treatment. This is relevant

becauseM. pneumoniae infection is often self‐limiting.31 A more rapid

diagnostic system for differentiating M. pneumoniae infections from

TyB infections is required.

In this cohort, S. pneumoniae was found only in 15% of patients,

as in other previous reports (5%–17.5%).23,26 The diagnosis of

pneumococcal CAP usually relies on culture tests or the presence of

DNA in the blood and PF. We included the detection of S. pneumo-

niae antigen in PF in the workup.32 Better diagnostic performance

TABLE 4 Correlation of variables with the main etiological groups responsible for pneumonia

Virus, N = 138 Atypical bacteria, N = 84 Typical bacteria, N = 40 p

Continuous variables Median (IQR) Median (IQR) Median (IQR)

Age (months) 12.0 (3.0–33.0) 60.0 (36.0–96.0) 24.0 (12.0–60.0) <0.001

Days of fever at admission 3.00 (2.00–5.00) 5.00 (2.00–7.00) 4.00 (2.00–5.00) 0.002

Maximum temperature (°C) 39 (38.4–39.7) 38.7 (38.0–39.5) 39.3 (38.7–39.7) 0.05

Basal tcSatO2 at admission 93.0 (90.0–95.0) 95.0 (92.0–97.0) 95.0 (93.0–97.0) 0.001

Leucocytes/µl 11,030 (8292–15,100) 11,300 (7802–16,782) 17,935 (13,150–23,962) <0.001

Neutrophils/µl 6700 (4100–9675) 7435 (4608–11,950) 13,150 (9900–19,522) <0.001

Lymphocytes/µl 2705 (1900–4400) 2345 (1400–3000) 1884 (935–2875) <0.001

Hemoglobin (g/dl) 11.6 (10.7–12.5) 12.4 (11.6–13.3) 11.4 (9.62–12.3) <0.001

C‐reactive protein (mg/L) 48.0 (22.2–116) 44.5 (19.6–98.2) 291 (236–349) <0.001

Procalcitonin (ng/ml) 0.33 (0.11–1.19) 0.11 (0.04–0.62) 13.9 (1.75–41.5) <0.001

Albumin (g/dl) 3.70 (3.40–4.10) 3.60 (3.45–4.20) 3.20 (2.50–3.50) <0.001

Sodium (mMol/L) 137 (135–139) 137 (135–138) 135 (133–137) 0.001

Categorical variables N (%) N (%) N (%)

Male gender 80 (58) 41 (48.8) 25 (62.5) 0.325

History of asthma or airway reactive disease 19 (13.8) 13 (15.5) 5 (12.5) 0.125

Antibiotic before admission 22 (15.9) 28 (33.3) 3 (7.5) 0.001

Wheezing 74 (53.6) 21 (25.6) 5 (12.5) <0.001

Consolidation 89 (64.5) 74 (88.1) 40 (100) <0.001

“Other infiltrates” 49 (35.5) 10 (11.9) 0 (0.00)

Pulmonary complications (PPE, abscess, necrotizing
pneumonia, pneumothorax)

13 (8.7) 24 (27.9) 26 (71.1) <0.001

PPE 13 (9.4) 23 (27.4) 25 (65.7) <0.001

Uncomplicated PPE 10 (7.2) 22 (26.2) 9 (22.5) <0.001

Complicated PPE 3 (1.5) 1 (1.2) 16 (42.5)

PICU admission 12 (8.7) 17 (20.2) 15 (37.5%) <0.001

Note: For the purposes of this analysis, in coinfections of typical bacteria with other groups, typical bacteria were considered the main agent. In
coinfections atypical bacteria‐virus, atypical bacteria were considered the main agent.

Abbreviations: CXR, chest X‐ray; PICU, pediatric intensive care unit; PPE, para‐pneumonic pleural effusion; tcSatO2, transcutaneous saturation of oxygen.
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can be accomplished using bronchoalveolar lavage or lung aspiration

samples, but these procedures are considered too invasive in children

not having a severe infection. The GABRIEL and PERCH studies

suggested that some patients with a high density of S. pneumoniae in

the nasopharynx might be infected by this microorganism, and they

reported a frequency of pneumococcal etiology of 27% and 42%,

respectively.4,18 Some authors suggested testing the humoral re-

sponse to S. pneumoniae. Subsequently, antibody response to S.

pneumoniae was detected in 12%–53% of children25,28,30,33; how-

ever, the specificity is low because of the potential detection of an-

tibodies against colonizing pneumococci. Neither serology nor

quantitative methods detecting high density of S. pneumoniae is

widely available in clinical practice. The accurate diagnosis of pneu-

monia associated with S. pneumoniae and other TyB without invasive

diagnostic methods is a challenging issue that requires better

solutions.

PCR detection of S. pneumoniae and other bacteria in the blood

deserves special attention. This detection has been usually con-

sidered demonstrative of the etiology. However, the PERCH findings

are in contrast with this, since a similar proportion of S. pneumoniae

using PCR was found in both cases and controls.4 We preferred to

adhere to the usual interpretation of PCR of a TyB in the context of

pneumonia as the most likely pathogen.32 The same occurred in two

patients with non‐typeable H. influenzae detection in blood with

PCR. We included them in the TyB group, but this finding should be

interpreted cautiously.

TyB are usually associated with features such as consolidation,

PPE, and other pulmonary complications. Our study partially

challenges some of these concepts. We found a significant propor-

tion of patients with PPE in whom viruses and AB, particularly M.

pneumoniae, were documented. Most of these were ucPPE. However,

cPPE was mostly associated with TyB. We cannot attribute causality

to microorganisms detected outside blood or PF with certainty, nor

exclude TyB etiology if we do not detect them in these biological

fluids, because of the low sensitivity of conventional cultures.

Nonetheless, the fact that PPE associated with viruses and AB are

usually ucPPE and the almost total absence of cPPE associated with

these etiological groups indicates that even viruses and AB, and not

just TyB, could be associated with ucPPE as has been suggested in

others studies.34–37 Currently, based on our data, the most frequent

cause of PPE is M. pneumoniae.

Another common concept challenged by this study is the asso-

ciation of consolidation with TyB. In our study, consolidation in the

CXR was observed in all etiological groups, and not only with TyB. In

contrast, other infiltrates were almost exclusively associated with

viruses. Other features associated with viruses were low tcSatO2 and

wheezing, similar to the findings of other studies.20,38

The high proportion of viral etiology cases supports the idea that

pediatric CAP treatment does not necessarily require antibiotics. Up

to 97% of our patients received antibiotics, similar to that observed in

other studies.25,26,33

In 2011, the British Thoracic Society guidelines for the man-

agement of CAP in children recommended the use of beta‐lactam

antibiotics in all children diagnosed with pneumonia, as bacterial

pneumonia and viral pneumonia cannot be distinguished from each

other reliably.39 A recent trial showed that the outcome on day 14

F IGURE 2 Multinomial analysis of the basal features of pediatric patients with community‐acquired pneumonia according to etiology. Blue
and green represent atypical bacteria and typical bacterial as the main etiological agents, respectively (reference: isolated viral etiology) [Color
figure can be viewed at wileyonlinelibrary.com]
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was similar for patients with WHO‐defined pneumonia receiving ei-

ther amoxicillin or placebo.40 Universal treatment with beta‐lactams

might not be justified by the current proportions of viral and AB

pneumonia cases. We should consider clinical, radiographic, and

biomarker data to ensure the judicious use of antibiotic therapy in

pediatric CAP.

Our study has several limitations. TyB etiology may have been

underdiagnosed because of the low sensitivity of conventional

cultures and molecular tests in blood, as seen in other studies.

Because of the restrictive definition of the likely viral etiology, it

may have been underrepresented. Molecular techniques in the

blood were only performed for TyB cases. The population of this

study only included hospitalized patients; hence, the results cannot

be representative of ambulatory CAP cases. The current cor-

onavirus disease (COVID‐19) pandemic caused by severe acute

respiratory syndrome‐coronavirus 2 (SARS‐CoV‐2) has affected

millions of people worldwide, including children and adolescents.41

Pneumonia is one of the main manifestations of COVID‐19, but it

has distinctive clinical and inflammatory data. Our study was

conducted before the pandemic. In the near future, pneumonia

caused by SARS‐CoV‐2 will need to be excluded from the micro-

biological diagnosis. Our data will maintain the same validity in the

remaining patients with CAP.

To summarize, CAP was mainly associated with viruses and AB in

our study of hospitalized Spanish children and adolescents. M.

pneumoniae was the most frequent causative agent. Viruses and AB

can also cause PPE, but cPPE is mainly caused by TyB. Children and

adolescents hospitalized with CAP do not always require antibiotics.

The need for antibiotic treatment in children admitted with CAP must

be individualized. Wheezing, presence of other infiltrates on CXR,

and other signs could indicate viral etiology of CAP and help the

clinician improve the antibiotic stewardship.
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